Introduction
Attention Deficit Hyperactivity Disorder (ADHD) is a complex neurodevelopmental disorder. According to the Diagnostic and Statistical Manual of Mental Disorders, 5 th edition, , ADHD includes symptoms of inattention, hyperactivity and impulsivity with clear evidence of impairment in multiple domains and onset of symptoms by age twelve (American Psychiatric Association 2013). Historically, ADHD was viewed as a diagnosis for children and adolescents as it was believed to diminish before adulthood (Goodman 2007) . However, followup studies during the last 30 years have added ADHD to the range of adult psychiatric conditions, although evidence suggests that the number and severity of symptoms decline with age (Cuffe et al. 2005; Faraone et al. 2005) . Diagnosis of ADHD is further complicated by the higher presence of comorbidities, such as mood, anxiety, conduct (CD), oppositional defiant (ODD), anti-social personality and substance use disorders in persons with diagnosed ADHD when compared to normal controls (Asherson et al. 2007 ; Kessler et al. 2006; Secnik et al. 2005; Weiss et al. 1985; Young et al. 2003) . Indeed, Brassett-Harknett and Butler (2007) write:
"Current expert opinion is that it is uncommon to find 'pure' AD/HD." (p.195) Correlational and experimental studies have been conducted to assess whether adolescents and adults with ADHD have a higher propensity to risky driving, commit driving offences and be involved in collisions (Barkley et al. 1993 (Barkley et al. , 2002 Fried et al. 2006; Murphy and Barkley, 1996; Nada-Raja et al. 1997; Woodward et al. 2000) . However, most studies exhibit serious methodological problems, such as referral bias, self-reporting, inappropriate or nondefined comparison groups, non-blinded research staff, participant attrition, lack of adjustment for multiple comparisons, small sample sizes, lack of statistical controls for age, sex and driving exposure, and lack of controls for ADHD medication use and comorbidities.
Observational studies conducted primarily with clinical samples have often shown higher rates of driving violations and collisions for persons with ADHD compared to control groups, with relative risks for collisions ranging from 0.42 to 18.3 (Vaa 2014) . A recent meta-analysis found a relative collision risk for drivers with ADHD decreased significantly from 1.36 to 1.23 when correcting for publication bias and controlling for driving exposure. This risk could be even lower because ADHD drivers seem to drive more than controls, and the majority of studies in the meta-analysis lacked information on driving exposure (Vaa 2014) . The relative collision risk was 1.86 in a sample of ADHD drivers in which the majority had comorbid conduct disorder, oppositional defiant disorder and/or other conduct problems, suggesting that these comorbidities may increase collision risk (Vaa 2014) . The meta-analysis also clarified that although ADHD drivers had more speeding violations, they did not have more drinking-driving or reckless driving violations (Vaa 2014) .
The possibility that comorbid conditions in ADHD may account for negative driving outcomes is important for informing intervention and treatment choices. Some studies have found no relationships between an ADHD diagnosis and negative driving outcomes (Secnik et al. 2005 ). Other studies have found that comorbid externalizing disorders, such as conduct, oppositional defiant or antisocial personality disorders, partially or fully explained negative driving-related outcomes (Barkley et al. 1993; Barkley and Cox 2007; Fried et al. 2006; Thompson et al. 2007; Woodward et al. 2000) . In an early, well-cited study of ADHD and negative driving outcomes, Barkley et al. (1993) wrote: "All of the negative driving-related outcomes as well as driving skill deficiencies are significantly related to the degree of antisocial symptoms (ODD/CD) shown by these subjects. The degree of ADHD symptoms seems to make an additional unique contribution only to the number of times a subject had illegally driven without a driver's license". (p. 217) However, the authors then concluded: "An almost fourfold increase in the average frequency of being involved in motor vehicle crashes as drivers was noted for subjects with ADHD relative to control subjects" (Barkley et al. 1993. pp.217-218 ).
Yet other studies found no effects of comorbidities on the positive relationship between ADHD and negative driving outcomes. Barkley et al. (2002) found a relationship between ADHD and traffic citations, collisions and licence suspensions, but failed to replicate the associations they previously found between oppositional defiant disorder and driving-related outcomes.
Internalizing disorders are also commonly comorbid with ADHD in adolescents and adults (Biederman et al. 2006; Fayyad et al. 2007; Secnik et al. 2005) . Internalizing disorders have been associated with negative driving outcomes including increased collision and injury risk in general population samples (Mann et al. 2010; Vingilis and Wilk 2008) . However, limited research is available on internalizing disorders, ADHD and negative driving outcomes and show contradictory findings (Barkley et al. 2002; Fried et al. 2006 ).
Studies of adults with ADHD have also found higher rates of alcohol and drug use and problems when compared with control samples (Brassett-Harknett and Butler 2007; Goodman 2007; Kessler et al. 2006; Secnik et al. 2005; Wolraich et al. 2005; Young et al. 2003 ).
However, the limited studies that examined drinking driving behaviours of ADHD adults have found mixed results. Studies have found that clinical ADHD and community control groups did not differ in the proportion that self-reported drinking driving or drinking driving collisions (Barkley et al. 1993 (Barkley et al. , 1996 2002; Thompson et al. 2007 ), although those with conduct problems did report more impaired driving (Thompson et al. 2007 ). Yet longitudinal studies found that those with attentional difficulties or ADHD were significantly more likely to report driving after drinking, driving while seriously intoxicated, and to be arrested for drinking driving (Nada-Raja et al. 1997; Woodward et al. 2000) . However, no studies have examined cannabis or cocaine use and driving in relation to ADHD.
Research has generally found evidence of improved driving among adolescent and adult drivers with ADHD medication use (Cox et al. 2000 (Cox et al. , 2006 Hechtman et al. 1984; Sobanski et al. 2008; Wolraich et al. 2005) . One follow-up study of adults who had been diagnosed with ADHD as children found that those who had received medication in childhood for their ADHD reported fewer collisions as adults compared to those who went untreated or to non-ADHD controls.
However, self-reports of the cost of the collisions, extent of bodily injury and use of alcohol, drugs or emotional states at time of the collision did not differ among groups (Hechtman et al. 1984) . Some experimental, laboratory simulator studies have found better simulator driving performance in persons using ADHD medications compared to placebo control groups (Cox et al. 2000 (Cox et al. , 2004 (Cox et al. , 2006 . However, other research has shown poor concordance between laboratoryor clinic-based measures of response to ADHD medication and actual performance (Thompson et al. 2007) . A simulator study found differences in only 3 of 18 measures between the ADHD placebo condition and the low or high doses of methylphenidate conditions (Barkley et al. 2005 ).
Nevertheless, the authors conclude: "the results, when placed in the context of prior studies of stimulants on driving performance, continue to recommend their clinical use as one means of reducing the driving risks in ADHD teens and adults" (Barkley et al. 2005, p. 121) .
One important methodological challenge is the use of clinical samples. Clinical samples are derived through a series of filters which introduce a series of biases. ADHD samples are generally drawn from various treatment facilities. However, only a small proportion of those with ADHD symptoms are diagnosed and/or seek treatment through clinics and hospital units (Cuffe et al. 2005) . For example, prevalence differences for ADHD in boys and girls vary by sampling methods, with clinically-referred studies having gender differences close to 9:1, while epidemiological studies have gender differences closer to 3:1 (Gerson 2002). Some suggest that girls with ADHD display less disruptive behaviours, which lead to fewer referrals than the attention-getting conduct of boys (Chen and Taylor 2005; Gerson 2002) . Clinical samples have the advantage of extensive assessment but the disadvantage of a lack of representativeness of those with ADHD symptoms (Cunningham and Boyle 2002; Rowland et al. 2002) . Clinical samples also seem to show more symptoms, impairment, comorbidities and other differences compared to community samples (Rowland et al. 2002) . For example, Young et al. (2003) found fewer life history, social functioning and comorbidity differences between an ADHD clinical group drawn from an adult ADHD assessment clinic that met the diagnostic criteria for ADHD and a clinical control group that did not meet ADHD criteria, than between the ADHD group and a non-clinical control group. Population-based samples can be used for making inferences to the general population (Cunningham and Boyle, 2002; Rowland et al. 2002) . Thus, a populationbased study can contribute to our understanding of ADHD, risky driving and covariates, although it is important to point out that large, population-based surveys must rely on screening instruments and thus are limited by the measurements.
The purpose of this study is to examine the relationships among self-reported screening measures of ADHD, other psychiatric problems, and driving-related outcomes in a provincially representative sample of adults living in the province of Ontario, Canada.
Methodology
The data are based on telephone interviews with 4,014 respondents over 24 months between January, 2011 and December 2012. These data were collected through the Centre for Addiction and Mental Health (CAMH) Monitor, an ongoing cross-sectional, computer assisted telephone survey (landlines and cell phones) of Ontario adults (ages 18 or older) using a stratified twostage probability selection procedure occurring each quarter. The survey is conducted by CAMH and administered by the Institute for Social Research at York University (see Ialomiteanu and Adlaf 2012 for details). Each monthly cycle uses a two-stage probability sampling procedure. In the first stage, a random sample of telephone numbers was selected with equal probability from within each regional stratum. In the second stage, one respondent aged 18 or older who was able to complete the interview in English was then selected from within each household according to the most recent birthday of all household members. Response rates based on estimated eligible sample averaged 52.89%. The study received ethical approval from the CAMH, York University and the University of Western Ontario research ethics boards.
Measures

ADHD measures
 The Adult ADHD Self-Report Scale-V1.1 (ASRS-V1.1) was developed by Kessler et al. (2005) in conjunction with revision of the WHO Composite Diagnostic Interview. The screener consists of 6-items, each with 5-point Likert scale response options, found to be most predictive of a DSM IV-based diagnosis of ADHD (Able et al. 2007; Adler et al. 2006; Kessler et al. 2005 Kessler et al. , 2007 . A positive ADHD symptoms screen is a total score greater than 13 ). Interview (MINI-APD), a 12-item, dichotomous scale, was designed to provide a short clinical screening tool to assess whether the following sets of delinquencies (truancy, cheating/lying/stealing, bullying, hurting animals/people) were committed before age 15 and after age 15 (Sheehan et al., 1998) . We excluded one item of the MINI-APD (forced someone to have sex before age 15), as required by the ethics review board. A score of three or more on the latter six MINI-APD questions indicated a positive APD screen. 
Driving-related problem behaviours:
 Drinking/driving: ("…have you driven a motor vehicle after having two or more drinks in the previous hour?"); cannabis use/driving: ("…have you driven a motor vehicle within an hour of using cannabis, marijuana or hash?"; street racing: (…"how many times, if at all, have you driven a car, truck or SUV in a street race?") and collision involvement:
("how often, if at all, were you involved in an accident or collision involving any kind of damage to you or another person or vehicle while you were driving…", were each assessed according to whether or not respondents reported one or more instances "during the past 12 months".
Socio-demographics:
 Sex (male = 0, female= 1); age; kilometres driven per week. Goodman 2007; Hechtman et al. 1984; Secnik et al. 2005; Weiss et al. 1985; Wolraich et al. 2005; Young et al. 2003) .
Statistical Analysis
Results
Overall, 3.22% of the sample of self-reported licensed drivers screened above the cut-off for positive ADHD symptoms. Table 1 shows significant differences between those who screened positively and negatively for ADHD symptoms. A greater percent of those who screened positively were younger, reported previous ADHD diagnosis and medication use, distress, antisocial behaviour, anti-anxiety and anti-depressant medication use, substance use and social problems compared to those who screened negatively. However, there were no statistically significant differences between those who screened positively or negatively for ADHD symptoms on self-reported drinking driving cannabis use and driving or in a street race. Also no between group differences were found for collision involvement as a driver in the past year. Few significant differences were found for respondents who reported a collision in the last 12 months compared to those who reported no collisions (Table 2) . Only age, lifetime cannabis use, the ASSIST, and racing were significantly associated with self-reported collision involvement in the past year. 
Discussion
This study is the first Canadian population-based assessment of ADHD symptoms and driving outcomes. Our ADHD symptom prevalence of 3.1% is congruent with the average ADHD prevalence of 3.4% found in a review of international studies of ADHD prevalence using similar sampling methodology (Fayyad et al. 2007) . Consistent with other studies, the results show that a greater percentage of those who screened positively for ADHD symptoms compared to those who screened negatively for ADHD symptoms reported higher rates of psychiatric problems (distress, antisocial behaviours and substance use and problems). Additionally, a greater percentage of those who screened positively for ADHD symptoms compared to those who screened negatively for ADHD symptoms reported taking anti-anxiety and anti-depressant medications in the past year. However, no statistically significant differences were found between those who screened positively and negatively for ADHD symptoms and self-reported driving behaviours and outcomes, namely driving after having two or more drinks in the previous hour, within an hour of using cannabis, marijuana or hash, in a street race or collision involvement as driver in past year. although a number of studies and reviews have also found no relationship (Asbridge et al. 2012; Elvik 2013; Li et al. 2012; Mann et al. 2007; Ramaekers et al. 2004; Vingilis and Macdonald 2002 ). In the current study, no relationship was found between self-reported driving within an hour of using cannabis and collisions, suggesting that the relationship found between ever used cannabis, the ASSIST and collisions may be due to factors other than driving impairment. The sequential logistic regression indicated that when age and driving exposure were controlled, cannabis use was no longer associated with higher odds of self-reported collisions, although the association did approach statistical significance.
These data provide a valuable perspective on the relationship between ADHD symptoms and collision involvement in a large, population-based sample. Previous studies have indicated that individuals with ADHD are at substantially greater risk of collision involvement (e.g., Barkley et al. 1993) . However, these studies were typically based on clinical samples that may be subject to substantial forms of bias, as well as failing to control for comorbidities and important confounders such as driving exposure. Other studies found the relationship between ADHD status and negative driving outcomes mediated by other comorbidities (Barkley et al. 1993; Barkley and Cox 2007; Fried et al. 2006; Thompson et al. 2007; Woodward et al. 2000) and yet other studies found no relationship between ADHD status and negative driving outcomes (Secnik et al. 2005) . A recent meta-analysis suggested that evidence for an association of ADHD with driving risks decreased as potential confounders were controlled (Vaa 2014) . In our study, we were able to control for demographic and driving exposure measures and comorbidities including psychiatric distress and substance use and problems. When we did so, we found no evidence for a significant association of ADHD symptoms with collision risk in this sample.
Our results are thus in substantial agreement with the results of the recent meta-analysis by Vaa (2014) in suggesting that the strong association of ADHD with collision risk seen in some earlier studies may have been an artefact of the study designs used and a failure to control for potential confounders. Studies of clinical samples are subject to referral bias, and among individuals with ADHD other comorbid conditions, many of which are also associated with increased collision risk, are often observed, as shown in Table 1 . Thus, findings in previous studies suggesting that ADHD is associated with substantively increased collision risk may have instead been reflecting the impact of design bias and comorbid factors.
This does not mean that there is no need to be concerned about collision risk among those experiencing ADHD. Instead, it suggests the need for more complex broad-based research as ADHD is a complex disorder with heterogeneity in neuropsychological pathways, comorbidities and symptom presentations (Coghill et al. 2005; Nigg et al. 2005; Toplak et al. 2008; Wåhlstedt et al. 2009 ). Driving and collision risk research among those with ADHD also needs to include road safety researchers so that collision risk may better be assessed by including validated methods and measures and other factors known to increase risk, such as drug use.
The results of this study are subject to important limitations. These data are based on self-report screeners and do not reflect the breadth of information needed for clinical diagnoses.
This is a key issue because the current study only reflects self-reported symptoms and does not examine impaired functioning and other issues related to specific diagnoses. Thus, this population based sample may represent functioning persons with some ADHD and/or other comorbid symptoms but not actual diagnoses and as such, the study findings may be biased toward persons with fewer negative driving outcomes. It is not possible to assess sampling bias as no information on non-respondents was available. Thus it is unknown whether those with ADHD were more or less likely to participate in the survey, although the age trends and relationships found in Table 1 between ADHD symptoms and more comorbidities and other difficulties, are consistent with many other studies (e.g. Able et al.2007; Brassett-Harknett and Butler 2007; Cuffe et al. 2005; Faraone et al. 2005 ) and serve to validate the ADHD self-report construct in a community sample.
Other variables, such as collisions, drinking driving, etc. are also based on self-reports and can be subject to memory problems and social desirability, although in our study 6.1%
reported a collision while official statistics indicate about 4% of licensed drivers yearly are reported to police to be involved in a collision in Ontario (Ministry of Transport of Ontario, 2014), suggesting that underreporting among survey respondents did not occur. Other Canadian research examining whether self-reported collision injury rates in a national population survey using equivalent sampling methods to our survey were a valid measure of police-reported, official collision injury rates in Canada, found no significant differences in rates when the two datasets were compared for the gender and age categories or for trends over time (Roberts et al. 2008) , indicating that that self-reports for collisions may be reasonably accurate. Additionally, although the response rate over 50% is good for a telephone survey and data were weighted, the sample could potentially be biased. Finally, although the total sample size is over 4000, cell sizes can be very small because psychiatric problems, such as ADHD, substance use and collisions have low prevalence; small cell sizes and large CIs suggest a low level of precision, as indicated in some of the variables in Table 3 .
Despite these limitations, these observations are of substantial interest. Additional research to confirm that the impact of ADHD symptoms on collision risk is more modest or more complex than suggested in previous studies is needed to ensure an appropriate response to potential traffic safety concerns associated with this condition. 
